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Abstract: This paper presents a magnetically biased graphene based switch for CPW 
resonator applications. Graphene patches are set in the gap between signal and ground lines, 
thus obtaining the whole structures act as switchable elements. Graphene was modeled as a 
general material with appropriate surface conductivity. The presented CPW resonator 
structure acts like a switch in ON state even for magnetic bias field of around 0.5 T. The 
simulated S parameters of the CPW resonator structure with different magnetic field biasing 
are presented. 
Index Term—magnetically biased graphene; microwave switch; CPW resonator. 
 
I. INTRODUCTION 
Next generation of wireless communication networks based on the Cognitive Radio [1], is 
already in use and will be further engaged and developed in order to increase communication 
network capacity. Great demands in hardware specifications require the use of advance and 
complex microwave circuits. These circuits must be able to operate at several frequency 
bands and for several types of signal modulations. They also, must be able to reconfigure 
themself in real time depending on users’ demands, and/or the physical change in the 
channels, and many other, time variable criteria. To achieve some this, a variety of tunable 
and reconfigurable elements are employed such as varactor diodes, RF MEMS, optical 
switches, PIN diodes and others.  
Graphene is recently discovered material which has shown many outstanding features in 
comparison with previously known materials [2]. These features include graphene 
mechanical, optical, thermal and electrical properties. Advantages of graphene can be 
explained by its surprising, two dimensional (2D) structure. It is a pure carbon material where 
atoms are located in the nodes of a plane hexagonal network. Till recently, this 2D 
configuration of atoms was assumed as something impossible to be found in nature due to its 
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thermal instability. Nevertheless, graphene electrical characteristics are very promising and it 
can be regarded as future material which will be used in reconfigurable and tunable circuits. 
So far, many structures based on graphene are reported. However, most of these applications 
are designed for THz bands and are not suitable for GHz frequencies. Some of potential 
applications of graphene for GHz bands can be found in the changing polarization angle of 
passing wave using magnetically biased graphene sheet [3], in coplanar waveguides (CPW) 
[4], switches [5], and etc. 
This paper presents a graphene based CPW resonator structure. Here graphene is used as 
reconfigurable element which incorporated in circuits cause switchable effect. The state of 
the switch is controlled by magnetic bias field. Magnetic biasing is not utilized so far in a 
great number as it was situation with electric biasing and this paper explains basic theory 
about magnetic biasing. The structure was designed, through simulation, to be operational at 
microwave frequencies. This is very promising for further development of the current 
wireless communication systems which work at low GHz frequencies. Also, the simplicity of 
proposed structure qualifies the sam  design methodology and structure configurations to be 
applied at higher frequencies. In that way, this will gain benefit in the future wireless 
communication systems.  
 The paper is organized as follows. In the section II, the theoretical background is given 
concerning electric properties of a single 2D graphene sheet. This section explains the basic 
ideas around magnetic biases. The section III presents a graphene based structures with 
switching properties, and CPW resonator. All simulation results are given in the same section 
as well. Finally, conclusion is given in the section IV. 
 
II. THE GRAPHENE SURFACE CONDUCTIVITY 
 In the most general case electrical properties of graphene, conductivity, can be modeled by 
property tensor. Due to the fact that graphene is 2D material, this property tensor 𝜎, will 
represent graphene electrical surface conductivity. The tensor will be expressed as 2 by 2 
matrix, totally 4 scalar elements, among there are two different σd and σo. 
𝜎 = 𝜎𝑑?̂??̂? + 𝜎𝑜?̂??̂? − 𝜎𝑜?̂??̂? + 𝜎𝑑?̂??̂? (1) 
Here, ?̂? and ?̂? represent unit vectors.  All formulas are already given in [6] but here all of 
them will be repeated once again because of completeness and clearance. 
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The main diagonal elements of the tensor matrix are 
𝜎𝑑(𝜇𝑐(𝐸0), 𝐵0) =
𝑒2𝑣𝐹
2|𝑒𝐵0|(𝜔−𝑗2Γ)ℏ
−𝑗𝜋
× ∑ {
𝑓𝑑(𝑀𝑛)−𝑓𝑑(𝑀𝑛+1)+𝑓𝑑(−𝑀𝑛+1)−𝑓𝑑(−𝑀𝑛)
(𝑀𝑛+1−𝑀𝑛)2−(𝜔−𝑗2Γ)2ℏ2
×∞𝑛=0
(1 −
∆2
𝑀𝑛𝑀𝑛+1
)
1
𝑀𝑛+1−𝑀𝑛
+
𝑓𝑑(−𝑀𝑛)−𝑓𝑑(𝑀𝑛+1)+𝑓𝑑(−𝑀𝑛+1)−𝑓𝑑(𝑀𝑛)
(𝑀𝑛+1+𝑀𝑛)2−(𝜔−𝑗2Γ)2ℏ2
×
(1 +
∆2
𝑀𝑛𝑀𝑛+1
)
1
𝑀𝑛+1+𝑀𝑛
}  
(2) 
The side diagonal elements of tensor matrix are defined as  
𝜎𝑜(𝜇𝑐(𝐸0), 𝐵0) = −
𝑒2𝑣𝐹
2𝑒𝐵0
𝜋
× ∑ {𝑓𝑑(𝑀𝑛) − 𝑓𝑑(𝑀𝑛+1) + 𝑓𝑑(−𝑀𝑛+1) −
∞
𝑛=0
𝑓𝑑(−𝑀𝑛)} ×
{(1 −
∆2
𝑀𝑛𝑀𝑛+1
)
1
(𝑀𝑛+1−𝑀𝑛)2−(𝜔−𝑗2Γ)2ℏ2
+ (1 +
∆2
𝑀𝑛𝑀𝑛+1
)
1
(𝑀𝑛+1+𝑀𝑛)2−(𝜔−𝑗2Γ)2ℏ2
}  
(3) 
And where is  
𝑀𝑛 = √∆2 + 2𝑛𝑣𝑓2|𝑒𝐵0|ℏ (4) 
All above j is the imaginary unit, E0 and B0 are electric and magnetic bias fields, respectively. 
The physical value Δ represents excitonic energy gap, ω is angular frequency, Γ signifies 
phenomenological scattering rate, µc is chemical potential, e is the elementary electron 
charge, fd is Fermi-Dirac distribution function, vf  is velocity of electrons and ћ designates 
reduced Planck’s constant, ћ=h/2π. Scattering rate is defined as Γ = 1/2τ, where τ being 
average relaxation rate. The value of vf is close to 10
6
 m/s. Additionally, through all 
simulations temperature T was set on the value close to room temperature, 300 K. For range 
of temperatures around 300 K, the value of Δ can be approximated to 0. For special cases, 
including only one either electric or magnetic bias filed, some further simplifications can be 
done.  
 When only magnetic bias field is presented the value of σo is 0. So, the surface 
conductivity tensor 𝜎 can be reduced to the scalar with the value equal to σd. Figure 1 shows 
real and imaginary parts of the surface resistivity when only magnetic field B0 is applied. 
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Figure 1 Real and imaginary parts of surface resistivity of graphene sheet for different 
magnetic field biases B0, where relaxation time is τ = 0.025 ps and temperature is T = 300 K 
 
For frequencies of interest the imaginary part of surface resistivity is few times lower in 
comparison to its real part. Furthermore, contrary to electric biasing, it is interesting to be 
mentioned that by increasing magnetic bias field th  surface conductivity drops down. This is 
the property which will be used in switch design. Basically, by different magnetic bias filed 
applied, the graphene switch changes its resistivity and thus can conduct or block electric 
current thought it. 
 
III. PROPOSED STRUCTURE AND RESULTS   
A CPW resonator structure shown in Figure 2 is presented here. Green coloured parts 
represent copper metallization, with 2 μm thickness. Graphene has been shown in pink 
colour. Transparent grey colour designates substrate with GaAs, εr = 12.9, tanδ = 0.006 and 
thickness of 150 μm. Resonator is designed as standard CPW circuit without graphene 
patches. After it, simply, two graphene patches were inserted in the gaps between ground 
lines and signal line. In absence of magnetic bias field, graphene patches act like bad 
conductor. Besides that, graphene patches are wide enough to obtain low resistance between 
signal line and ground lines and thus connect them electrically. In that way, the whole signal 
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propagation through the structure is blocked. This is equivalent to the open switch, OFF state. 
In the present of strong magnetic bias field, graphene patches perform like dielectrics and the 
whole structure behaves like the same structure but without graphene patches. This is related 
to the ON state of the switch. Dimensions of the resonator are given in Table 1. The 
simulated S parameters of the proposed CPW grapheme based resonator are presented in 
Figure 3. 
 
Table 1. 
Dimensions of the CPW resonator 
Length and width of the box 30 mm, 40 mm 
Length and width of  signal line 25.1 mm, 3.2 mm 
Length and width of  graphene patch 25 mm, 3.2 mm 
Length and width of ground line 30 mm, 11.8 mm 
Width of the gap between signal line and ground line 0.8 mm 
Width of the gap between signal line and feeding port line 0.05 mm 
 
 
 
Figure 2 Proposed graphene based CPW resonator with magnetic field biasing, B0 
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a  
 
b  
 
c  
Figure 3 Simulated S parameters of the CPW resonator structure with magnetic field 
biasing, (a) B0 = 0.01 T, (b) B0 = 0.5 T, (c) B0 = 1.2 T 
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As can be seen, the presented structure above acts like a switch in ON state even for 
magnetic bias field of around 0.5 T. So, in most common circumstances there is no need for 
further increase of magnetic bias field. 
All simulated results were obtained by full wave electromagnetic simulation in Sonnet em 
[8]. The Graphene was modeled as a general material with appropriate surface conductivity, 
calculated by formulas described in Section II. It is also very important to stress the fact that 
theoretical and measured results of graphene conductivity differ. This difference is sometimes 
even larger than 100, comparison between [6] and [7]. There are some researches which 
suggest that this is due to the fact that graphene patch reacts with substrate material, 
something similar to ohmic junction, and that effect causes dramatic drop in conductivity. 
Still, this drop in conductivity can be described by (2) and (3) as a change of scattering rate Γ. 
Moreover, some metal materials are also more inappropriate than others, probably because of 
similar reason. Nevertheless, proposed method with adjusting length and width of the 
graphene patches is very flexible and in most cases can compensate first phenomenon. For 
example, if scattering rate Γ is higher, the length of the graphene patch should be decreased 
and/or width of the graphene patch should be increased. The second phenomenon can be 
overcome by use of suitable metals which will cause less intense effect. Anyway, thicknesses 
of metallization used in this simulation can be varied in wider range in order to decrease 
losses and get better results. One more, to increase the range of values of the surface 
conductivity of graphene, both biasing can be used, but separately. For lower values of the 
surface conductivity the magnetic bias filed should be applied, whereas electric biasing 
should be applied in order to achieve higher values of the surface conductivity of the patch. 
For example, to force graphene patch to act as dielectric magnetic bias field should be 
applied, where the same patch in the same circuit can act as conductor by using electric 
biasing. 
 
IV. CONCLUSION 
 A magnetically biased graphene based switch for CPW resonator applications has been 
presented. The presented CPW structure where biasing of graphene was achieved using 
magnetic field has been designed. The state of equivalent switch is controlled by the strength 
of applied bias field. Described design method is very simple and flexible and can be applied 
in the wide range of conditions, and thus overcome problems related to electrical 
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characteristic of graphene placed on dielectric materials. The structures barely have any loss 
in power due to biasing. It can be biased with static magnets which do not use any additional 
energy. More important, shown results indicate very flat response over wide microwave 
frequency range. This is a very interesting property for current and future wireless 
communication systems due to demands for larger frequency bandwidth. 
 
V. ACKNOWLEDGEMENT 
 Financial support was provided by the EU-Erasmus Mundus Action 2 project EUROWEB. 
 
REFERENCES 
 
[1] F. D. Cabric, M.S.W. Chen, D.A. Sobel, J.Yang, R.W. Brodersen, "Future wireless 
systems: UWB, 60GHz, and cognitive radios", Custom Integrated Circuits Conference, 
2005. Proceedings of the IEEE 2005, pp.793-796, Sept. 2005. 
[2] A. K. Geim and K. S. Novoselov, “The rise of graphene,” Nature Materials, vol. 6, pp. 
183-191, 2007. 
[3] Crassee, Levallois, Walter, Ostler, Bostwick, Rotenberg, Seyller, Marel, Kuzmenko, 
“Giant Faraday rotation in single- and multilayer graphene,” Nat. Phys.  7, 48-51, 2011. 
[4] H. S. Skulason, H. V. Nguyen, A. Guermoune, V. Sridharan, M. Siaj, C. Caloz, and T. 
Szkopek, “110 GHz measurement of large-area graphene integrated in low-loss 
microwave structures,”Appl. Phis. Lett., 99, 153504, 2011. 
[5] K. M. Milaninia, M. A. Baldo, A. Reina, and J. Kong, “All graphene electromechanical 
switch fabricated by chemical vapor deposition,” Appl. Phys. Lett. 95, 183105, 2009. 
[6] G. W. Hanson, “Dyadic Green's Functions for an Anisotropic, Non-Local Model of 
Biased Graphene,” Antennas and Propagation, IEEE Transactions on , vol. 56, no. 3, 
pp.747,757, March 2008. 
[7] J. S. Gomez-Diaz, J. Perruisseau-Carrier, P. Sharma, and A.Ionescu, “Non-contact 
characterization of graphene surface impedance at micro and millimeter waves, ”Journal 
of Applied Physics, vol. 111, no. 11, pp. 114908, 114908-7, Jun 2012. 
[8] http://www.sonnetsoftware.com. 
Page 8 of 8
John Wiley & Sons
Microwave and Optical Technology Letters
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
